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Reactivity definition and types

Reactivity is the ability of the organism to adapt to the endogenous and exogenous influences by changing its vital activity. The manifestation of reactivity can be observed on all the levels of biological systems organization. Reactivity is a characteristic of all living beings. It is the reactivity that determines the occurrence and the progress of a disease. The level of reactivity depends on various factors – hereditary and acquired (sex, age, state of the nervous, immune and endocrine systems, the environment). 
It is known that different species of animals change their vital activity under endogenous influence differently; different groups of people react to the same influence in different ways, and every individual has his own peculiar way of reacting. It gives the basis for the definition of different types of reactivity:
Species (biological) reactivity is the reactivity typical to particular species of animals. We can refer to animals’ seasonal behaviour as an example of the species’ reactivity (hibernation, migration of birds and fish, etc.), specific features of pathological processes (inflammation, fever, allergy) in different species.
Reactivity has passed its own evolution: in higher animals (vertebrates) the variability and strength of reactivity is more than in invertebrates.
Susceptibility or unresponsiveness to infection also supports an idea about species’ reactivity and resistance: tetanus is dangerous for people, monkeys and horses and it is not dangerous for cats, dogs, tortoises, crocodiles; rats and mice can’t have diphtheria, dogs and cats – botulism.
It can be revealed in experiment that different species of animals will demonstrate to exogenous influences (mechanical trauma, chemicals, extremes of temperature exposures, ionizing radiation, hypoxia, etc.)
Group reactivity is the reactivity of groups of people (animals) which have a common sign that determines their reactivity. 
Such signs may be: age, sex, constitution type, race, blood group, type of  higher nervous activity, group of people with the same illness, group of high altitude inhabitants, etc.
For instance, men are more frequently affected by such diseases as gout, pyloric stenosis, ulcer, pancreatic cancer, sclerosis of coronary vessels, alcoholism; and women more often have rheumatoid arthritis, cholelithiasis, gallbladder cancer, myxedema, hyperthyroidism; dark-skinned people are less sensitive to ultraviolet rays, people with white skin have a greater risk for skin cancer. People with 0 blood group more often have a peptic ulcer, people with A blood group are more prone to ischemic heart disease.
Children and aged people also have peculiarities of reactivity. This fact has resulted in the development of special branches in medicine – pediatrics and geriatrics. Any age is characterized by certain morphological and functional characteristics which determine the character of body’s response to external influences. Children under 1 month never suffer from mumps, scarlet fever, since they have received their mothers’ antibodies; newborn babies are very sensitive both to over-cooling and overheating as a result of their imperfect mechanisms of thermoregulation. The period of ageing is characterized by weakened immune response, limited ability for adaptation to the environment, decreased rate of regeneration, involution of some endocrine glands, decreased number of cells in different tissues (atrophy). Such people have higher risk of oncological and infectious diseases.

Individual reactivity of every organism accounts for the following fact. Some people have low resistance to influenza, others have higher resistibility, and there are people who don’t get this disease at all, however, the virus can be found in their body (they can be virus carriers). The disease pattern has specific features in each individual therefore each patient should be treated individually using all possible types of therapy (ethiological, pathogenetic and symptomatic) taking into account his  individual reactivity/
Physiological reactivity means a change of the vital activities, definite forms of reaction to the influence of external agents that don’t disturb its homeostasis; it is the reactivity of a healthy person (or an animal) to non-pathogenic stimuli (e. g. adaptation to moderate physical strain, processes of thermoregulation, secretion of hormones and peptic enzymes, natural emigration of leukocytes, etc.).

Pathological reactivity manifests itself when an organism is exposed to pathogenic factors which causes injury of the body and disturbs its homeostasis.

Specific reactivity is the ability of an organism to respond to the influence of an antigen by producing antibodies or with a complex of cell reactions, that are specific to this antigen, i.e. it is the reactivity of the immune system (immune reactivity).

Nonspecific reactivity. All changes in the body occurring in response to the influence of external agents and not associated with the immune reaction, are the signs of nonspecific reactivity. E.g., the changes in the body in response to the shock, hypoxia, acceleration or overstrain are the signs of nonspecific reactivity. In infectious, allergic, autoimmune diseases the mechanisms of both specific (production of antibodies) and nonspecific reactivity (inflammation, fever, hypercytosis, changes of function of damaged organs and systems, etc.) are involved.
The manifestation of reactivity may be observed both in the whole organism and its organs, tissues or cells. 
The following variants of reactivity can be observed in humans: normal reactivity – normergy, increased – hyperergy, decreased – hypoergy, perverted – disergy. If a disease (pneumonia, tuberculosis, dysentery, etc) takes an intensive, rapid course, with clearly marked symptoms, high fever, sharp acceleration of erythrosedimention rate, high leukocytosis, etc., the course of this disease is considered to be hyperergical. On the contrary, if the symptoms of a disease are poorly marked and the course of the disease is latent without manifestations of the acute phase, the course of the disease is named hypoergical. A perverse (atypical) reaction of the patient to a drug, vasodilation and excessive sweating at low temperatures in patients with disorders of the vegetative nervous system are the examples of disergy. Anergy is a condition when the body doesn’t respond to the presence of pathogenic microorganisms in it (carriers), or when the CNS is either deeply depressed or inhibited (coma, shock, anesthesia, inhibitory stage of parabiosis). 

The level of reactivity is usually estimated to a8particular influence (irritant). It is a usual situation when high reactivity to one influence is combined with low reactivity to other one. Thus, embryo doesn’t respond to enteric fever a but responds to diphtheria, staphylococcal and streptococcal infection; a newborn has low reactivity to hypoxia but high reactivity to overheating
Resistance: definition and mechanisms

Resistance is the stability of the organism to the pathogenic factors. 
The resіstance of the body to pathogenic effects manifests itself іn different forms: for example, skin and mucous membranes are the structures preventіng the penetratіon of mіcroorganіsms and many poіsonous agents into the body. They perform the so-called barrier function. Subcutaneous fat tissue has poor thermal conductivity, while bones and other tissues of the musculoskeletal system are characterized by high resistance to deformation under the influence of mechanical forces. These examples show us the resistance of tissues and the whole body depending on their inherited structure and properties. This is the so-called primary resistance.

Primary resistance is hereditary. It is based on the morphofunctional features of the body owing to which an organism is resistant to the action of extreme factors (unicellular organisms and worms are resistant to radiation, cold-blooded animals – to hypothermia, etc.).

Due to hereditary immunity people are not prone to many infections typical to animals, and in the epidemic period of chickenpox (varicella) and plague some people who were directly in contact with sick people didn’t catch the infection.

Gonorrhea is a human disease. Animals can’t be infected with gonococcus. It is possible to infect hens with anthrax only by exposing them to cold, however, they are resistant to it in ordinary conditions. 

Secondary resistance is acquired (for example, immunity develops after some infectious diseases, after the injection of vaccines and serum). Resistance to non-infectious influences can be acquired through exercising resistance to physical exertion, to acceleration and overstrain, hypoxia, low and high temperatures, etc.

Passive resistance of the body is provided by its barrier systems (skin, mucous membranes, hematoencephalic barrier, etc.), the present bactericidal agents (hydrochloric acid in the stomach, lysozyme in the saliva) and hereditary immunity.

Active resistance is provided by the activation of its protective-adapting and compensatory mechanisms, such as production of leukocytes, phagocytosis, production of antibodies, neutralizition and excretion of toxins, secretion of stress hormones, changes of blood circulation and breathing, fever, synthesis of acute phase proteins by the liver, increase of leuko- and erythropoiesis, etc.

Cross-resistance: when the increased stability to one factor (hypoxia) is formed the same extent of stability to another factors (thermic, infectious, muscular load etc) is formed at the same time. This fact gives us the possibility to use this phenomenon in prophylactics and treatment of some diseases without chemical drugs.

Reactivity and resistance are interrelated but not always unidirectional.
In a healthy organism there are direct interrelations between reactivity and resistance. For example, when the person is infected with the virus which causes inflammation of upper respiratory ways its reactivity increases in order to fight against virus. Resistance in its turn increases too and the state of increased resistance lasts even when the clinical manifestation of viral infection is finished. But there can also be irregular interrelation: 

· allergic states: in spite of high reactivity which causes expanding clinical manifestation the resistance to pathogenic factors is decreased

· in hibernating animals (rodents) basal metabolic rate, body temperature, brain, heart and other organs activity is  reduced – which results in decreased reactivity. But in the same time resistance to pathogenic factors is increased and this animals don’t  usually develop diseases in the period of hybernation.

Mechanisms of reactivity and resistance formation

Reactivity and resistance are formed on the basis of the constitution type, peculiarities of metabolism, the condition of the nervous, endocrine, immune systems, the system of connective tissue; they also depend on age, sex and environment. A modern concept about neuro-immune-endocrine regulation has been formed. 

These systems have the common messengers - cytokines, peptide hormones and neurotransmitters. Such communication suggests an immunoregulatory role for the brain, on one hand, and a sensory function for the immune system, on the other hand. Furthermore, interplay between the immune, nervous and endocrine systems is most commonly associated with the pronounced effects of stress. The cytokines and related cofactors of the immune system are thus capable of modulating responses and certain processes in the central nervous system, while neuropeptides and neurotransmitters can exert their effects over cellular groups in the immune system.
General mechanisms of reactivity and resistance are determined by the interaction of central nervous system, vegetative nervous system, and by endocrine system. 

Non-specific mechanisms include: phagocytosis, barrier systems of the body and humoral substances (lysozyme, complement)

Specific mechanisms are provided by immune humoral and cell-mediated reactions. 

Factors affecting the body reactivity and resistance.

Reactivity and resistance are formed on the basis of the constitution type, peculiarities of metabolism, the condition of the nervous, endocrine, immune systems, the system of connective tissue; they also depend on age, sex and environment.

Organs , tissues  and cells of immune system. 
mechanisms of immunity.
The immune system is made up of all the mechanisms through which a multicellular organism defends itself from internal invaders such as bacteria, viruses or parasites. But the main function of the immune system throughout the whole life is the maintenance of genetic homogeneity of the organism. It is well known that the number of mutations in human organism reaches 10 millions in every moment of life. It means that the probability to meet mutated cell is several times more then to meet alien one. Each mutated cell must be destroyed and eliminated by immune system. In other words the main function of immune system is to recognize “self” cell and “non-self” cell. Non-self cell may be of alien origin or it may be changed self cell.

All body cells carry molecular markers on their surface that enable them to be identified as “self" by immune system cells. The most important self marking molecules are encoded by a group of genes known as the major histocompatibility complex, or MHC. 

Class I MHC antigens are carried by almost all body cells; they are altered when the cell is infected by a virus or cancer. These molecules serve to alert killer T-cells to the presence of malignant body cells. 

Class II MHC antigens, are found only on B cells, macrophages, and other cells responsible for presenting foreign antigen to helper T-cells. Class II MHC proteins combine with particles of foreign antigen and, by the resulting shape, directs the actions of the T-cells.

Immune system consists of central and peripheral organs.

Central organs of the immune system (bone marrow and thymus) produce immune cells and provide their differentiation that is not dependent on the antigen. Lymphocytes, monocytes and granulocytes derive from precursor stem cells in the bone marrow. B lymphocytes migrate directly from marrow to the peripheral lymphoid tissue, whereas T lymphocytes undergo further maturation in the thymus.

The key function of the thymus is the selection of the T cell which immune system uses to combat infections. This involves selection of T cells that are functional (positive selection), and elimination of T cells that are autoreactive (negative selection). Positively-selected cells will be taken care of by specialized nurse cells.

Peripheral organs of the immune system (lien and lymphatic nodes in different organs, Peyer's patches, the appendix and tonsils) provide antigen-dependent immune cells differentiation giving the opportunity for effective interaction of immune cells. 

Immune cells are divided into following populations:

A-cells (Accessory cells, antigen-presenting cells, phagocytes). Monocytes, neutrophilic granulocyte and tissue macrophages present them. Tissue macrophages are those monocytes that have migrated in different body’s tissues: Kupfer’s cells in the liver, Langerhan’s cells in the skin, alveolar macrophages in the lungs, osteoclasts in the bones, microglia cells in the nervous tissue and others. Their main functions are:

•
synthesis and secretion of biologically active substances (lysozyme, interleukines, components of complement);

•
phagocytosis of microorganisms and own cells destructed with inflammation, cells with implanted viruses, tumor cells or mutated cells;

•
processing and presentation of the antigen.

B cells, or B lymphocytes, are named for the bursa of Fabricius in which they mature in bird species. In humans they mature in the bone marrow. B lymphocytes produce antibodies and are responsible for humoral immunity development.

As a result of maturation in thymus several types of T-lymphocytes are produced. Killer T cells directly destroy “non –self” cells. Helper T cells activate more killer T cells and also stimulate B cells by the means of cytokines. Suppressor T cells stop specific immune reactions from occurring and protect healthy cells from viral attack. Memory T cells persist in the bloodstream to guard against re-infection. 

Each T or B lymphocyte bears one unique receptor for the antigen (T-cell and B-cell receptor). The cell with the highest affinity (attraction between the antigen and receptor) for the most abundant antigen will have growth advantage and will generate progeny of itself. This process is called clonal expansion and is antigen driven. 

Approximately 10 to 15% of the peripheral blood lymphocytes can not be distinguished like T-cell or B-cells. These cell are natural killer (NK) cells. NK cells constitute a major component of the innate immune system. They were named natural killers because of the initial notion that they do not require activation in order to kill cells which are not recognized as own cells (tumor cells, virally infected cells). 

NK cells are cytotoxic and contain special proteins such as perforin and granzymes (proteases). Upon release in close proximity of a cell to be killed, perforin forms pores in the cell membrane of the target cell through which the granzymes can enter, where they induce apoptosis. Killing cell by apoptosis is very important in immunology. If a virus-infected cell were destructed by necrosis with subsequent lysis it would only release the virions. Apoptosis leads to destruction of the virus inside making it unable to release from the cell.

The immune defense of the organism can be divided into two main branches: 

•
The innate or non-specific immune response consisting of physical and chemical barriers such as skin, gastric acid, mucus or tears as well as cells and active mechanisms such as phagocytes, natural killer cells and the complement system 

•
The adaptive immune response, with antigen-specific activity by T cells (cellular response) and specific antibody production by B cells (humoral respose). 

This division is useful for categorizing the different components of the immune system, but it is important to recognize that in the immune response is continuous interplay between members of both branches. 
Innate Non-specific Mechanisms

The innate system is comprised of all the mechanisms that defend an organism in non-specific form, against an invader, responding in the same fashion, regardless of what it is. It constitutes older defense strategies, some of these being found in primitive multicellular forms, in plant and fungi. 

Physical Barriers

•
The skin is the first and main line of defense. The surface is made up of dead skin cells rich in keratin, which impedes microorganisms from entering the body. Lightly acidic and lipidic secretions from sebaceous gland and sweat glands create a hostile cutaneous environment impeding the excessive growth of bacteria. 

•
Gastric acid is a powerful defense against invading bacteria from the intestines. Few species are able to survive the low pH and destructive enzymes that exist in the stomach. 

•
Saliva and tears contain antibacterial enzymes, such as Lysozyme, which destroy the cellular walls of bacteria. 

•
In the intestines, the bacterial flora competes with one another and non-commensal pathogens for food and space, diminishing the probability of pathogenic bacteria multiplying in sufficient numbers to cause illness. For this reason the excessive ingestion of oral antibiotics can lead to the depletion of benign bacteria in the intestine. Upon ending treatment, dangerous species can multiply without any competition, thereby causing many illnesses. 

•
Mucus is another defense, coating the mucous membranes. It catches and immobilizes invading bodies, its composition is deadly to many microorganisms. It also contains Type Iga antibodies (which are a component of the adaptive immune system). 

Phagocytes

Phagocytes are cells, such as neutrophils and macrophages, that have the capacity to directionally extend cellular portions (pseudopod), engulfing and overtaking a foreign particle or microorganism. This microorganism is contained inside a vacuole which is then merged with lysosomes, vacuoles rich in enzymes and acids, which digest the particle or organism. Phagocytes react to cytokines produced by lymphocytes, but also patrol the body autonomously, without stimulus, but in a less efficient manner. This form of defense is important against bacterial infections, as viruses typically have their own means of entering host cells and the majority of parasites too large to be consumed. Phagocytosis is also an important part of the cleaning process after cellular destruction following infection or any other process that leads to cellular death. Many phagocytes die after phagocytosis, both phagocytes and bacteria can be trapped in a pasty liquid rich in stuctural proteins, known as pus. 

Some bacteria, such as Mycobacterium tuberculosis, which causes tuberculosis, have defense mechanisms against digestion after phagocytosis, and survive within the phagocyte undetectable by lymphocytes. 

Phagocytes and related cells: 

•
Neutrophil granulocyte: the most abundant type of phagocyte and is always the first to arrive at the scene of infection. Along with its lysosomal enzymes, it destroys foreign substances or kills pathogens with its "respiratory burst." The neutrophil respiratory burst is a chain of reactions that produces hydrogen peroxide, which almost immediately releases its oxygen ion to form hypochlorite by combining with surrounding chloride ions. Hydrogen peroxide, with its release of oxygen ion, and hypochlorite, are strong oxidizing agents which accomplish destruction of foreign substances and pathogens. For this respiratory burst, the neutrophil increases its oxygen uptake a hundred fold.

•
Macrophages: a gigantic cell, the mature form of a monocyte, has the capacity to consume many more bacteria than a neutrophil. Differentiation is stimulated through cytokine. It is more efficient in destroying bacteria than neutrophils, but lives for a shorter amount of time, having to be reformed through monocytes during each infection. It has its own respiratory burst, releasing nitric oxide from arginine. Nitric oxide and chemicals that arise from it, particularly peroxynitrite, can kill viruses, bacteria, fungi, protozoa, some helminths, and tumor cells. With this powerful mechanism, the only reason sickness still occurs is because it could not function fully. 
Monocytes migrate from the bloodstream to other tissues and differentiate into tissue resident macrophages. Tissue resident macrophages are present in all tissues of human body,  one of their functions is presentation of antigens to immune system:
	tissue
	cell
	tissue
	cell

	bone
	osteoclasts
	connective tissue
	histiocytes

	lung
	alveolar and bronchial macrophages
	liver
	Kupffer cells

	skin 
	Langerhans cells
	nervous tissue
	microglia


•
Basophil granulocyte and Mast Cells release histamine and are important in some allergic reactions (such as asthma) and also defending against parasites. They are mobilized by the antibody type IgE. 

•
Eosinophil granulocyte contains specific enzymes (catioic proteins) in their granules that are defending against parasites. 

Complement System

The complement system is a biochemical cascade of proteins that helps clear pathogens from an organism. It is derived from many small plasma proteins working together to form the primary end result of cytolysis by disrupting the target cell's plasma membrane. The proteins are sythesized in the liver, mainly by hepatocytes. 

In blood it is in a passive state. In a classical way complement is activated by complex antigen-antibody; then it disintegrates, its fragments are biologically active and influence immune and allergic reactions. The results of complement activation are:

· destruction of  Ag+At complex;

· increased vessels permeability caused by the activation of coagulant and kinin systems;

· release of histamine from mast cells;

· dilatation of capillaries,;

· contraction of smooth muscles, etc. 

Complement takes part in alien proteins, microbes and viruses inactivation, rejection of transplants, elimination of tumor and mutated cells.

Specific or Adaptive Immune Response

The basis of specific immunity lies in the capacity of immune cells to distinguish between proteins produced by the body's own cells ("self" antigen - those of the original organism), and proteins produced by invaders or cells under control of a virus ("non-self" antigen - or, what is not recognized as the original organism). This distinction is made via T-Cell Receptors (TCR) or B-Cell Receptors (BCR). 
Specific immune response can be realized either with humoral or with cellular mechanism. It also can be primary (antigen is met first) and secondary (antigen was met earlier).

Humoral mechanism of the primary immune response requires cooperation of phagocyte, B-lymphocyte and T-lymphocyte. The main objects of the humoral immune reaction are alien proteins. When the antigen gets to the organism it is captured and processed by phagocyte. The result of the processing is the presentation of antigen structure on phagocyte membrane. T-lymphocytes-helpers identify this antigen with T-cell receptor and stimulate B-lymphocytes with lymphokines. Antigen binds only with those B lymphocytes which have specific receptor to it. Then B-lymphocytes are transformed into the blasts and proliferate into the plasmatic cells that can produce specific antibodies into blood. 
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Figure 1. Humoral mechanism of immune response

An antibody or immunoglobulin is a large Y-shaped protein used by the immune system to identify and neutralize foreign objects like bacteria and viruses. It consists of two heavy and two light chains and has antigen-binding fragment (Fab) and Fc  fragment crystallizable fragment. Each antibody has unique Fab affine specific to only one specific alien (or own) antigen.  When antibody binds to antigen it becomes activated, tagging or neutralizing its target. 


[image: image2]
Figure 2. Principal structure of an antibody

There are five types of antibodies or immunoglobulines: IgA, IgD, IgE, IgG, and IgM.

IgA represents about 15% to 20% of immunoglobulins in the blood, although it is primarily secreted across the mucosal tract into the stomach and intestines. This prevents microbes from binding to epithelial cells in the digestive and respiratory tracts. This immunoglobulin helps to fight against pathogens that contact the body surface, are ingested, or are inhaled.
IgD makes up about 1% of proteins in the plasma membranes of immature B-lymphocytes. Ig D's function is currently unknown.

IgE is an antibody subclass found only in mammals. It plays leading role in allergic reaction of the 1 type.

IgG has 4 subclasses and is the most abundant immunoglobulin and provides long term defense from antigens. This Ig has four subclasses. This is the only Ig that can pass through the placenta, thereby providing protection to the fetus in its first weeks of life before its own immune system has developed. 
IgM is the largest antibody in the circulation. IgM antibodies are mainly responsible for the agglutination of red blood cells if the recipient of a blood transfusion receives blood that is not compatible with his/her blood type.
Ig M and G help to eliminate the alien antigen by its opsonization. Opsonization refers to the coating of antigen with antibody that results in enhanced uptake of the antigen that can be further destroyed by phagocytes and NK cell. Also these antibodies are known to activate complement system, which provide complement dependent antigen lysis.
The primary humoral immune response results in M-immunoglobulins secretion. The secondary immune response results in G-immunoglobulins secretion. Later, when the concentration of immunoglobulins is rising in the organism their production becomes limited by T-lymphocytes-suppressors.

Cellular mechanism of primary immune response. 

The main objects of cellular immune reaction are alien cells (transplantation), bacteria, cells affected with viruses, tumor cells, or own cells destructed by different influences so that their antigen structure is changed.

T cells recognize antigen in a different way to B cells. They recognize peptide fragments of antigen complexed with cell surface MHC proteins.
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Figure 3. Cellular mechanism of immune response.

Antigen can be identified by the direct cooperation of alien cell and t-lymphocyte or with the help of phagocyte. T-helpers stimulate the proliferation of T-killers that have membranous T cell receptor to specific antigen. Sensitized T-lymphocytes produce lymphokines, which mediate the development of inflammatory reaction in the place of antigen invasion.
Some immune cells activated during the primary immune response do not proliferate into plasmocytes and sensibilizated T-cells. They are stopped in G1 mitotic phase. These cells are the cells of immune memory. When the organism meets antigen for the second time these cells are activated. The secondary immune response is realized faster then the primary one and is more effective (the level of specific antibodies and the amount of sensitized T-cells is more).
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Figure 4. Primary and secondary immune response

CYTOKINES: MESSENGER MOLECULES OF THE IMMUNE SYSTEM
It is well known that the induction and regulation of the immune responses involve multiple interactions among immune cells. Many such interactions are dependent on cell-to-cell contact. In several instances cell interactions are mediated by soluble mediators. Depending on the source, mediators are called lymphokines (lymphocyte-derived, such as the T cell-derived factor interleukin-2) or monokines (monocyte-derived, such as TNF-a). Now these polypeptide mediators are grouped under the single name of cytokines. 

Cytokines include interpherons, interleukins, TNF

Interferons (IFNs) are a class of natural proteins produced by the cells of the immune systems in response to challenges by foreign agents such as viruses, bacteria, parasites and tumor cells. There are three major classes of interferons: alpha (α), beta (β), and gamma (γ). They generally have several effects: antiviral and antioncogenic properties, macrophage and natural killer lymphocyte activation. 

Interferon-α is secreted by leukocytes (B-cells and T-cells). Interferon-β is secreted by fibroblasts, and interferon-γ is secreted by T-cells and natural killer lymphocytes.
Interleukins are a group of cytokines that were first seen to be expressed by white blood cells (leukocytes, hence the -leukin) as a means of communication (inter-). The name is sort of a relic though; it has since been found that interleukins are produced by a wide variety of bodily cells. The function of the immune system depends in a large part on interleukins. Their function will be mentioned later 
TNF - a pro-inflammatory (it means it can cause inflammation) cytokine that is produced by white blood cells (monocytes and macrophages); has an antineoplastic effect but causes inflammation (as in rheumatoid arthritis)

All cytokines can be divided into fur groups
•  Cytokines that mediate natural immunity. Included in this group are interleukin 1, 6 and 8, TNF-a (tumor necrosis factor),  a-interferons.

Certain of these cytokines (e.g., interferons) protect against  viral  infections, while others (e.g., IL-1, TNF-a, IL-8) initiate non-specific inflammatory responses.
•  Cytokines that regulate lymphocyte growth, activation, and differentiation. Within this category are IL-2, IL-4, and transforming growth factor- (TGF). Transforming growth factor (TGF) can cause oncogenic transformation in cells.
While IL-2 and IL-4 usually favor lymphocyte growth and differentiation,  TGF is a powerful down-regulator of immune responses.
•  Cytokines that activate inflammatory cells. In this category are gamma interferon (IFN-y), TNF-a, lymphotoxin, migration inhibitory factor, and IL-5. Most of these cytokines derived from T cells serve to activate the functions of nonspecific effector cells.
•  Cytokines that stimulate hematopoiesis. Many cytokines generated during immune responses stimulate the growth and production of new blood cells by acting on hemopoietic progenitor cells. They are for example granulocyte-macrophage (GM) stimulating  and granulocyte stimulating.
It should be noted that some cytokines such as IL-l and TNF-a have a plenty of effects.
Cytokines induce their effects in three ways: 
- they act on the same cell that produces them (autocrine effect), such as occurs when IL-2 produced by activated T cells promotes T-cell growth, 
- they affect other cells in their neighboring (paracrine effect), as occurs when IL-l  produced by antigen-presenting cells affects T cells during the induction  of an immune response and 
- they affect many cells systemically (endocrine effect), the best examples in this category being IL-l and TNF-a, which produce the acute-phase response during inflammation.
Cytokines mediate their effects by binding to specific high-affinity receptors on their target cells.
The knowledge gained about cytokines is not merely of academic interest; it has practical therapeutic applications as well. First, by regulating cytokine production or action it may be possible to control the harmful effects of inflammation or tissue-damaging immune reactions. Second, cytokines produced by recombinant DNA technology can be administered to enhance immunity against cancer or microbial infections (immunotherapy). Both these aims are currently being pursued on an experimental basis in humans.
In certain circumstances immune cell do not react to the specific antigen while reactivity to other antigens is normal. Such state is named immunological tolerance.
Immunological tolerance is divided into natural and induced types.

Natural immunological tolerance is present in all organisms and is manifested as the absence of reactivity to own antigens. Natural immunological tolerance is formed during embryogenesis. The mechanisms of natural immunological tolerance formation are realized in the central organs of the immune system. These mechanisms are: selection and elimination of the immune cells that react to the own antigens.

Induced immunological tolerance can be provoked with the following methods:

1. Administration of a foreign antigen into the embryo.

2. Administration of foreign lymphocytes into the embryo.

In such cases immunological tolerance will be induced with the mechanisms similar to the mechanisms of natural immunological tolerance formation.

3. Administration of a foreign antigen to the organism in big doses. 

This condition is called immunological paralysis. The mechanism of its formation is the blocking of the immune cell specific receptors to the alien antigen with an excessive amount of antigen.
It is important not to mix immunological tolerance with immunological deficiency and to the following that in the case of immunological tolerance immune response is absent towards some specific antigen while reactivity to other antigens is normal. Immunodeficiency state means that depressed immune response is observed towards all antigens.
DEficiency of immunity 
The disorders of the human immune system may manifest as: 

•
Weakened immune response: There are congenital (inborn) and acquired forms of immunodeficiency; 

•
Excessive immune response: autoimmune disorders and e different allergic states. 

Immunodeficiency disorders are a group of disorders in which part of the immune system is missing or defective. Therefore, the body's ability to fight infections is impaired. As a result, the person with an immunodeficiency will have frequent infections that are generally more severe and last longer than usual.

Defects can occur in any component of the immune system or in more than one component (combined immunodeficiency). The defects can be inherited and/or present at birth (congenital) or acquired. 

Congenital immunodeficiency is present at the time of birth, and is the result of genetic defects. These immunodeficiency disorders are also called primary immunodeficiencies. Congenital immunodeficiencies may occur as a result of defects in B lymphocytes, T lymphocytes, or both. They also can occur in the innate immune system.

Humoral immunity disorders are presented with Bruton's agammaglobulinemia, also known as X-linked agammaglobulinemia. It usually does not become apparent until about six months of age, when maternal immunoglobulins are depleted. In most cases, recurrent bacterial infections such as acute and chronic pharyngitis, sinusitis, otitis media, bronchitis, and pneumonia call attention to the underlying immune defect. Most viral, fungal, and protozoal infections are handled normally by cell-mediated mechanisms. The classic form of this disease has the following characteristics:

•
B cells are absent or remarkably decreased in the circulation, and the serum levels of all classes of immunoglobulins are depressed. Pre-B cells are found in normal numbers in bone marrow.

•
Germinal centers (centers of cells division) of lymph nodes, Peyer's patches, the appendix, and tonsils are underdeveloped or rudimentary.

•
There is remarkable absence of plasma cells throughout the body.

•
T cell-system and cell-mediated reactions are entirely normal.

Cellular immunity disorders example is DiGeorge's syndrome. This disorder results from a lack of thymic influence on the immune system. The thymus is usually rudimentary and T cells are deficient or absent in the circulation. Thus infants with this defect are extremely vulnerable to viral, fungal, and protozoal infections. Susceptibility to intracellular bacteria is also increased, because phagocytic cells that eliminate them require T cell-derived signals for activation. The B-cell system and serum immunoglobulins are entirely unaffected.

DiGeorge's syndrome results from a congenital malformation affecting the third and fourth pharyngeal pouches. These structures give rise to the thymus, parathyroid glands, and portions of lips, ears, and the aortic arch. Hence, in addition to thymic hypoplasia the parathyroid glands are also either hypoplastic or totally absent, often leading to tetany (condition characterized by periodic painful muscular spasms and tremors) resulting from hypocalcemia. Most of these infants have additional developmental defects affecting the face, ears, heart, and great vessels. Transplantation of thymus tissue has been successful in some of these infants. In others (with partial defects) immunity may improve spontaneously with age.

Some types of immunodeficiency disorders affect both B lymphocytes and T lymphocytes. For example, severe combined immunodeficiency disease (SCID) or Swiss-Type Agammaglobulinemia. It represents defects in both humoral and cell-mediated immune responses. Most of affected persons have marked lymphopenia with a deficiency of both T and B cells. Others have normal numbers of B cells, which are nonfunctional owing to lack of T-cell help. In all cases, however, the thymus is hypoplastic and fetal in type, or it may be absent. Lymph nodes are difficult to find, markedly reduced in size. The lymphoid tissues of the tonsils, gut, and appendix are also markedly hypoplastic. Infants with these severe immune handicaps are vulnerable to all forms of viral, fungal, and bacterial infections, and most die during the first year of life. 

Louis–Bar syndrome hallmarks are ataxia (poor coordination) and telangiectasia (small dilated blood vessels on the skin). The most common immune abnormalities are low levels of one or more classes of immunoglobulins (IgG, IgA, IgM or IgG subclasses), and having low numbers of lymphocytes (especially T-lymphocytes) in the blood. Some people have frequent infections of the upper (colds, sinus and ear infections) and lower (bronchitis and pneumonia) respiratory tract.

Wiskott–Aldrich syndrome is a rare X-linked recessive disease characterized by eczema, thrombocytopenia (low platelet count), immune deficiency (low Ig level and T lymphocyte count), and bloody diarrhea (secondary to the thrombocytopenia). It is also sometimes called the eczema-thrombocytopenia-immunodeficiency syndrome. 

Disorders of innate immunity affect phagocytes or the complement system. These disorders also result in recurrent infections. For example, chronic granulomatosis is a disorder of the phagocytes in which they ingest bacteria normally but fail to kill them due to absence of proteolytic enzymes; disease is usually fatal due to overwhelming bacterial infection. 

Chédiak-Higashi syndrome is characterized with impaired leukocyte function due to failure of phagolysosome formation (impaired lysosome degranulation with phagosomes). The disease is characterised by poor bactericidal function leading susceptibility to infections, abnormalities in nuclear structure of leukocytes, anemia, hepatomegaly. 
Secondary immunodeficiency disorders

Secondary (acquired) immunodeficiency is more common than congenital immunodeficiency. It can be caused by: 

•
Viral infections include AIDS, measles, cytomegalovirus hepatitis B and C, infectious mononucleosis (Epstein-Barr virus);

•
Bacterial infections – lepra, tuberculosis, lues; 

•
Digestion disturbances – obesity, malnutrition, deficiency of vitamins, iron (depression of T-cells), copper (lymphopenia, depression of T-helpers);

•
Hypoproteinemia (liver failure, malabsorption, starvation);

•
Intoxication, ionizing radiation, tumors chemotherapy;

•
Medications (particularly the use of anti-cancer drugs, corticosteroids, and antibiotics);

•
Endocrine diseases (diabetes, thyrotoxicosis, Cushing’s syndrome);

•
Malignant tumors.

Many factors can also contribute to the general weakening of the immune system: 

•
Alcohol and drugs abuse; 

•
Cigarette smoke, industrial air pollution;

•
Stress/Depression (increased serum corticosteroid level); 

•
Age (ability of the immune system to respond is decreased at early and old age); 

•
Lack of exercise as well as excessive exercise resulting in physiological stress.
Acquired immunodeficiency often occurs as a complication of other conditions and diseases. For example, the most common causes of acquired immunodeficiency are malnutrition, some types of cancer, and infections. People who weigh less than 70% of the average weight of persons of the same age and gender are considered to be malnourished. Examples of types of infections that can lead to immunodeficiency are chickenpox, cytomegalovirus, measles, tuberculosis, infectious mononucleosis (Epstein-Barr virus), chronic hepatitis, lupus, and bacterial and fungal infections.

Sometimes, acquired immunodeficiency is brought on by drugs used to treat another condition. For example, patients who have an organ transplant are given drugs to suppress the immune system so the body will not reject the organ. Also, some chemotherapy drugs, which are given to treat cancer, have the side effect of killing cells of the immune system. During the period of time that these drugs are being taken, the risk of infection increases. It usually returns to normal after the person stops taking the drugs.
Acquired immunodeficiency syndrome

AIDS or acquired immunodeficiency syndrome is a disease caused by a rapidly mutating retrovirus that primarily attacks the immune system. It was first recognized as a disease in 1981. The virus was isolated in 1983 and was ultimately named the human immunodeficiency virus (HIV). In a process still imperfectly understood, HIV infects the T-helper cells of the body's immune system, cells that are necessary to activate B-lymphocytes and induce the production of antibodies . 

Some people develop flu-like symptoms shortly after infection, but many have no symptoms. It may be a few months or many years before serious symptoms develop in adults; symptoms usually develop within the first two years of life in infants infected in the womb or at birth. Before serious symptoms occur, an infected person may experience fever, weight loss, diarrhea, fatigue, skin rashes, herpes zoster affection of nervous ganglions. Infants may fail to develop normally.

HIV is not transmitted by casual contact; transmission requires a direct exchange of body fluids, such as blood or blood products, breast milk, semen, or vaginal secretions, most commonly as a result of sexual activity or the sharing of needles among drug users. Such a transmission may also occur from mother to baby during pregnancy or at birth. Saliva, tears, urine, feces, and sweat do not appear to transmit the virus.

There are two main targets of HIV: the immune system and the central nervous system. Profound immunosuppression that primarily affects cell-mediated immunity is the hallmark of AIDS. It results from a severe loss of CD4+ T-cells (T-helpers), because CD4 molecule is a high affinity receptor for HIV. HIV causes the lysis of CD4+ T-cells. In addition to the loss of CD4+ T-cells infections of monocytes and macrophages are also important for the pathogenesis of HIV infection.

The major abnormalities of the immune function in AIDS are:

-
Lymphopenia

-
Decreased T-cell function that results in susceptibility to opportunistic infections and neoplasms; decreased delayed type hypersensitivity

-
Impaired B-cells function that results in hypergammaglobuliemia and high level of circulating immune complexes

-
Altered Macrophage function (decreased chemotaxis, decreased HLA class 2 antigen expression).

The thoroughly description of this disease you will study in the course of Microbiology. And now lets turn to
General Symptoms of immune deficiency

People with an immunodeficiency disorder tend to become infected by organisms that don't usually cause disease in healthy persons. The major symptoms of most immunodeficiency disorders are repeated infections that heal slowly. These chronic infections cause symptoms that persist for long periods of time. People with chronic infection tend to be pale and thin. They may have skin rashes. Their lymph nodes tend to be larger than normal and their liver and spleen also may be enlarged. Broken blood vessels, especially near the surface of the skin, may be seen. This can result in black-and-blue marks in the skin. The person may lose hair from their head. Sometimes, a red inflammation of the lining of the eye (conjunctivitis) is present. They may have a crusty appearance in   and  on the nose from chronic nasal dripping.

Usually, the first sign that a person might have an immunodeficiency disorder is that they don't improve rapidly when given antibiotics to treat an infection. Strong indicators that an immunodeficiency disorder may be present is when rare diseases occur or the patient gets ill from organisms that don't normally cause diseases, especially if the patient gets repeatedly infected. If this happens in very young children it is an indication that a genetic defect may be causing an immunodeficiency disorder. When this situation occurs in older children or young adults, their medical history will be reviewed to determine if childhood diseases may have caused an immunodeficiency disorder.

There is no adequate cure for immunodeficiency disorders. Therapy is aimed at controlling infections and, for some disorders, replacing defective or absent components.

Patients with Bruton's agammaglobulinemia must be given periodic injections of a substance called gamma globulin throughout their lives to make up for their decreased ability to make antibodies. The gamma globulin preparation contains antibodies against common invading bacteria. If left untreated, the disease usually is fatal.

Common variable immunodeficiency also is treated with periodic injections of gamma globulin throughout life. Additionally, antibiotics are given when necessary to treat infections.

Patients with selective IgA deficiency usually do not require any treatment. Antibiotics can be given for frequent infections.

In some cases, no treatment is required for DiGeorge syndrome because T lymphocyte production improves on its own. Either an underdeveloped thymus begins to produce more T lymphocytes or organ sites other than the thymus compensate by producing more T lymphocytes. In some severe cases, a bone marrow transplant or thymus transplant can be done to correct the problem.

For patients with SCID, bone marrow transplantation is necessary. In this procedure, healthy bone marrow from a donor who has a similar type of tissue (usually a relative, like a brother or sister) is removed. The bone marrow of the person receiving the transplant is destroyed, and is then replaced with marrow from the donor.

In most cases, immunodeficiency caused by malnutrition is reversible. The health of the immune system is directly linked to the nutritional status of the patient. Among the essential nutrients required by the immune system are proteins, vitamins, iron, and zinc.

For people being treated for cancer, periodic relief from chemotherapy drugs can restore the function of the immune system.

In general, people with immunodeficiency disorders should maintain a healthy diet. This is because malnutrition can aggravate immunodeficiencies. They also should avoid being near people who have colds or are sick because they can easily acquire new infections. For the same reason, they should practice good personal hygiene, especially dental care. People with immunodeficiency disorders also should avoid eating undercooked food because it might contain bacteria that could cause infection. This food would not cause infection in normal persons, but in someone with an immunodeficiency, food is a potential source of infectious organisms. People with immunodeficiency should be given antibiotics at the first indication of an infection.

questions for self control
1. Define reactivity and resistance, describe their types and mechanisms of development.

2. Name central and peripheral organs of immune system, immune cells and describe their function.
3. Describe humoral factors of immunity: complement, immunoglobulins and cytokines.

4. Name the most common types of primary immunodeficiency.

5. What are the mechanisms of secondary immunodeficiencies pathogenesis?

6. Describe the common clinical signs of immunodeficient state.
situational problems

Situational Problem 1 

During winter epidemic period of influenza 25% of students had the severe form of disease, 55% - moderate clinical manifestation of it and 20% remained clinically healthy. Laboratory data of the students’ examination: virus of influenza was revealed in 95% of students, in 5% - wasn’t detected.

1. Which type of reactivity was studied? Explain this situation.
2. Which factor determines the reaction of the organism to infectious pathogen?

Situational Problem 2
A 20-year-old woman has been diagnosed with IgA deficiency. She complains about frequent cases of bronchitis and sinus infections. 

1. Why are these types of infections particularly prominent in persons with an IgA deficiency?

Situational Problem 3
Patient S, 15 years old, from the early childhood is frequently ill with infectious diseases, caused by staphylococci; chronic purulent inflammation on the skin. During immunological examination the primary deficiency in phagocytes system was revealed.

1. What type of immunity do the phagocytes take part in?

2. What body cells are phagocytes? Describe all their functions.

Situational Problem 4
Persons with impaired cellular immunity may not respond to the tuberculin test, even when infected with Mycobacterium tuberculosis.

1. Explain this phenomena

tests for self control

1. Which is the main task of immune system during human life-time?

a. protection of the organism from pathogenic effects of surrounding environment

b. providing the genetic homogeneity of the organism

c. increasing of organism resistance to negative factors influence

d. creation of favorable conditions for the living cells

e. antimicrobial activity

2. Which class of immunoglobulins appears first during the immune response to infectious antigens?

a. Ig class A

b. Ig class E

c. Ig class G

d. Ig class D

e. Ig class M

3. Which class of immunoglobulins form the greater part (70 – 80%) of immunoglobulins  of normal blood serum?

a. Ig class A

b. Ig class E

c. Ig class G

d. Ig class D

e. Ig class M

4. Which cells are regulating the rate of immunoglobulins synthesis during the secondary immune response?

a. plasmatic cells

b. B-cells

c. NK cells

d. T suppressors

e. T killers

5. Which possible quantity of antigens is B-cell receptor affine to?

a. all known antigens

b. only one antigen

c. group of similar antigens

d. all protein antigens

e. all cellular antigens

6. Which immune reactions do natural killer cells take part in?

a. innate immunity

b. cellular immunity

c. humoral immunity

d. immune tolerance

e. adaptive immunity

7. Which cell use “respiratory burst” with active oxygen radicals formation?

a. monocytes 

b. basophils

c. eosinophils

d. natural killers

e. neutrophils

8. Each immunoglobulin molecule consists of….

a. 1 heavy and 1 light chains

b. 2 heavy and 2 light chains

c. 1 heavy and 2 light chains

d. 2 heavy and 1 light chains

9. Which cytokine from listed below can provide systemic (endocrine) effect?

a. lymphotoxin

b. alpha interferon 

c. gamma interferon

d. interleukin 8

e. interleukin 1

10. Which cells quantity is markedly decreased in Bruton’s disease?

a. pre-B cells

b. plasmatic cells

c. natural killers

d. T helpers

e. T suppressors

11. Preventive vaccination with weakened microorganisms causes the production of antibodies against these microbes. Which cells are considered to be antibody-producing cells of the immune system?

a. T-lymphocytes

b. macrophages

c. NK-cells

d. B-lymphocytes

e. plasmocytes

12. Which of the substances from listed below are antibodies in the organism?

a. globulins of the plasma

b. albumins of the plasma

c. buffer systems

d. lipoprotein systems

e. plasma fibrinogen

13. Cellular and humoral factors take part in mechanisms of innate immunity. Which of the substances from listed below can be considered a humoral factor of specific immunity?

a. complement

b. immunoglobulin M

c. interleukin-1

d. interpheron

e. factor of tumor necrosis

14. During the patient examination the signs of primary immunodeficiency were found. Name the organ of immune cells formation?

a. in thymus

b. in bone marrow

c. in bursa of Fabricius

d. in spleen

e. in lymphatic nodes

15. During the patient examination the high IgG amount was found. Where are immunoglobulins synthesized in the humans?

a. in the bone marrow

b. in thymus

c. in lymph nodes

d. in bursa of Fabricius

e. in spleen

16. Blood analysis of patient showed signs of HIV infection (human immunodeficiency virus). Affection of which immune cells is typical for AIDS?

a. T-killers

b. T-helpers

c. B-lymphocytes

d. macrophages

e. neutrophils

17. The immunization of population with different vaccines is carried out with preventive purposes. It is followed by formation of primary immune response. Which is the longest term for immune memory remaining after the immunization? 

a. 1 – 5 years

b. 10 – 20 weeks

c. all life

d. several days

e. till 1 year

18. The immune system gives responses to antigen stimulation by 3 specific allergic reactions, humoral and cellular immunity responses and immunological tolerance. In which situation from listed below can the immunological tolerance develop?

a. if to inject excessive dose of antigen

b. if to irradiate the animal before injection of antigen

c. if to inject antigen and cytostatic agent at the same time

d. if to inject antimacrophage antibodies before injecting antigen

e. if to hold desensitization before injection of antigen

19. Cooperative interaction of which immune cells is necessary for effective formation of primary humoral immune response ?

a. macrophages, T-lymphocytes, B-lymphocytes

b. T-lymphocytes, plasmatic cells, B-lymphocytes

c. macrophages, plasmatic cells, B-lymphocytes

d. mast cells, plasmatic cells, B-lymphocytes

e. B-lymphocytes, macrophages, plasmatic cells

20. Cooperative interaction of which immune cells is necessary for effective formation of primary cellular immune response?

a. T-lymphocytes, plasmatic cells

b. macrophages, T-lymphocytes

c. macrophages, plasmatic cells

d. mast cells, plasmatic cells

e. T-lymphocytes, B-lymphocytes

21. Which is the main distinction of secondary immune response from primary immune response?

a. higher level of antibody’s amount 

b. elongated latent period after antigen administration

c. slower rise of antibody concentration

d. activation of IgE synthesis

e. shortened latent period after antigen administration

22. The main task of immune system is to support the genetic homogeneity of the organism. That is removal of own defective and senescent cells. How do T-lymphocytes destroy own virus-infected cells in the organism?

a. by necrobiosis

b. by dystrophy

c. by necrosis

d. by apoptosis

e. by inflammation

23. Which type of immune reaction is absent in the patients with DiGeorge syndrome?

a. humoral

b. reaginic

c. cell-mediated

d. imunocomplex

e. cytotoxic

24. Decreased blood level of which substance usually accompanies DiGeorge syndrome development?

a. sodium

b. potassium

c. aminoacids

d. enzymes

e. calcium

25. A 5-year –old girl has teleangiectasies on the skin and conjunctiva. IgA is absent; the amount of T-lymphocytes is reduced. What type of immunodeficiency is present?

a. Di George syndrome

b. Loui-Barr syndrome

c. secondary immunodeficiency syndrome

d. Bruton’s disease

e. Chediack-Higasy syndrome

26. Which drugs from listed below can cause acquired immunodeficiency development

a. sulfonamides

b. antibiotics

c. antipyretics

d. local anesthetics

e. enzymes

27. Which is the role of MHC molecules class 1 on the surface of body cells?

a. to identify self and non-self cells

b. to identify cells with high mitotic activity

c. it is a hormone specific receptor

d. to activate protein’s synthesis in the cells

e. it is a marker of apoptosis 

28. It is known that increase in resistance to hypoxia usually is accompanied with the increased activity of the immune system. Choose the correct definition to the situation when the increased resistance to one factor is accompanied with the increased resistance to other factors:

a. active resistance

b. passive resistance

c. cross resistance 

d. sensitization

e. reactivity

29. Which substances from listed below can organize immune response and provide the destruction of alien cells?

a. Ig A

b. cytokines

c. opsonins

d. plasma albumens

e. plasma globulines 

30. The patients with organs transplants usually receive hormone injections in order to prevent transplant rejection. Which hormones from the listed should be prescribed for transplant rejection prevention and why?

a. mineralocorticoids – to increase inflammatory reaction in transplant

b. glucocorticoids – to inhibit immune system activity

c. glucocorticoids – to decrease vessels permeability

d. mineralocorticoids – to inhibit immune system activity

e. growth hormone – to enhance anabolic processes in the cells

31. Examination of a child who frequently suffers from infectious diseases revealed that IgG concentration in blood serum was 10 times less than normal, IgA and IgM concentration was also significantly reduced. Analysis showed also lack of B-lymphocytes and plasmocytes. What disease are these symptoms typical for?   

a. Bruton's disease   

b. Swiss-type agammaglobulinemia   

c. Dysimmunoglobulinemia   

d. Louis-Bar syndrome  

e. Di George syndrome   

32. In the 12-year-old boy who often has viral and bacterial infections, eczematous lesions are observed. Laboratory data show the decrease of T-lymphocytes and IgM and normal content of IgA and IgG. Which kind of the immune system pathology is observed in the patient? 

a. combined Immunodeficiency 

b. hypoplasia of the thymus 

c. Bruton hypogammaglobulinemia 

d. Turner syndrome 

e. hereditary deficiency of the complement system

33. In many cases of organ transplantation in 10 days the reaction of transplant rejection is observed. Which types of blood cells are playing the active role in this process? 

a. macrophages 

b. erythrocytes 

c. platelets 

d. eosinophils

e. basophils

34. A child 2 years old is with severe bacterial infections, the lack of B-lymphocytes and plasmatic cells is diagnosed with Bruton disease. What changes in serum immunoglobulins content will be observed in this clinical situtation?

a. reduced Ig A, IgM 

b. increase IgA, IgM 

c. decrease in IgD, IgE 

d. increased IgD, IgE 

e. without changes

35. The child, after laboratory investigation of immune system was diagnosed with primary immunodeficiency syndrome. Which of these reasons may lead to development of primary immunodeficiency in an infant? 

a. hereditary disorders in the immune system 

b. violations in the process of embryonic development 

c. disturbances in mother's metabolism during pregnancy 

d. violations of reactivity and resistance of the organism 

e. toxic damage of B-lymphocytes
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allergy
Classification of allergic reactions according to Coombs and Gell. Etiology of allergy. Distinction between allergy and immunity.

An allergy can refer to several kinds of immune reactions in which a person's body is hypersensitized to some substances. These substances are known as allergens. The word allergy derives from the Greek words allos meaning "other" and ergon meaning "work".

The term and concept of "allergy" was coined by a Viennese pediatrician named Clemens von Pirquet in 1906. He observed that the symptoms of some of his patients might have been a response to outside allergens such as dust, pollen, or certain foods. For a long time all hypersensitivities were thought to stem from the improper action of IgE, however it soon became clear that several different mechanisms were responsible for the disorders previously classified as "allergies". A new four-class (now five) classification scheme was designed by P. G. H. Gell and R. R. A. Coombs in 1968. 

1.
Anaphylactic reactions or Type I Hypersensitivity: atopic bronchial asthma, pollinosis, anaphylaxis shock.

2.
Cytotoxic reactions or Type II Hypersensitivity: autoimmune hemolytic anemia, agranulocytosis.

3.
Reactions mediated by immune complexes or Type III Hypersensitivity: serum sickness, Arthus reaction.

4.
Cell mediated reactions or Type IV Hypersensitivity: allergic contact dermatitis, transplant rejections, infectious - allergic illnesses (tuberculosis, lepra, brucellosis, syphilis)

5.
Stimulating allergic reactions or Type V Hypersensitivity: autoimmune thyroiditis.

An allergen is any substance (antigen), most often eaten or inhaled, that is recognized by the immune system and causes an allergic reaction. 

Dust, pollen and pet dandruff are all common allergens, but it is possible to be allergic to anything from chlorine to perfume. Food allergies are not as common as food sensitivity, but some foods such as peanuts (really a legume), nuts, seafood and shellfish are the cause of serious allergies in many people. A few people have even been recorded to be allergic to certain chemicals found in almost all water. Other common causes of serious allergy are wasp, ant and bee stings, penicillin, and latex. In addition to foreign proteins found in foreign serum (from blood transfusions) and vaccines allergens include: 

Plant pollens (Hay fever) -rye grass, ragweed, timothy grass, birch trees;

Mold spores (fungi spores);

Drugs (penicillins, sulfonamides, salicylates (also found naturally in numerous fruits), local anaesthetics – novocaine, dicaine; 

Foods (food allergy) – nuts, sesame, seafood, egg (typically albumen), peas, beans, peanuts, soybeans and other legumes, soy, milk, wheat; 

Insect stings – bee  sting venom, wasp sting venom; 

Animal and birds products (animal allergy) - Animal hair and dander, birds fluffs; 

Insect products – cockroach calyx, dust mite excretion.

The general mechanism of allergic reactions development

The general mechanism of allergic reactions development can be explained with the following example. The people working at battery farm, where hens are grown are exposed to hen’s fluff which is a powerful allergen. Researching studies show that about 75 to 90 % of the workers have antibodies to this allergen, but only 10 to 15% of them will have manifestation of allergy. In order to understand general mechanisms of allergic reactions development we need to define similar and different features between immune and allergic reactions. Both immune reactions and allergic ones are aimed to protect the organism from genetically foreign antigens. They also have similar mechanisms of reactions and both of them are mediated with the same immune cells.

But allergic reactions differ from immune ones with increased reactivity, transformed character of immune answer and always present tissues injury.

The type of reaction (immune or allergic) depends on antigen’s quality, quantity and peculiarities of individual’s reactivity.

One of the allergy main risk factor is hereditary predisposition, which can be realized at the following stages:

-
at the stage of allergen coming into the organism due to increased permeability of skin and mucus cover. It leads to the filtering of antigens into the organism, which in normal state don’t enter organism or its entrance is limited;

-
at the immunological stage of allergic reaction due to the  high functional activity of T-helpers, increased production of specific IgE;

-
at the stage of allergic mediators release due to increased synthesis of different mediators (complement, cytokines);

-
at the stage of tissue reaction on mediators (hyperreactivity of bronchi, skin etc.) and inactivation of this mediators (decrease of hystamynopexic properties of plasma ).

All this constitutional features of individual’s immune system can be inherited and result in the development of atopic allergic reactions (hereditary predisposed).

The development of every allergic reaction includes three stages: immunological stage, biochemical stage and the stage of clinical manifestation.

Immunological stage or the stage of sensitization is characterized with the following events:

· revealing of the allergen by immune cells;

· presentation of the allergen by the phagocytes to lymphocytes;

· synthesis of specific antibodies by plasmatic cells;

· maturation of immune memory cells;

· fixation of the antibodies and sensitized lymphocytes (we mean here T-killers) in the site of allergen localization or in blood.

The stage of sensitization or immunological stage of allergic reaction does not have any clinical manifestation. This state may last from several days to several months or even several years. But we can establish sensitization state with specific allergic tests, which reveal antibodies level and sensitized T lymphocytes .

Sensitization following immunological stage of allergic reactions may be active and passive. We are speaking about acute sensitization when the mechanisms described above are started in the organism after the direct contact with allergen. Passive sensitization state may be achieved with transfusion of immunoglobulines (antibodies) or lymphocytes sensitized to specific antigen from the animal with active sensitization to the intact animal.

Biochemical stage develops after the second contact of immune system with allergen. On this stage allergen forms complexes with specific antibodies or sensitized lymphocytes. In some allergic reactions complement is involved to the formation of this complex. 

Immune complexes fixate in the site of the highest allergen’s and antibody’s concentration (it is true to local allergic reactions such as Arthus phenomena). If allergic reaction is generalized (anaphylactic shock) these complexes are found throughout the body and also in blood or lymph.

The above-mentioned complexes cause release or synthesis of biologically active substances – mediators of allergy. Every type of allergic reactions has its own mediators.

The stage of clinical manifestation is developed under the influence of allergy mediators and is characterized with both local and general disturbances of organism’s functions. 

Local pathological processes include development of inflammation, increased permeability of vessels walls, disturbances of regional bloodflow, thrombosis of microcirculatory vessels. The following general signs of allergy may be observed:

•
Nose: swelling of the nasal mucosa (allergic rhinitis); 

•
Eyes: redness and itching of the conjunctiva (allergic conjunctivitis); 

•
Airways: bronchoconstriction, wheezing and dyspnoea, sometimes attacks of asthma; 

•
Ears: feeling of fullness, possibly pain, and impaired hearing due to the lack of eustachian tube drainage; 

•
Skin: various rashes, such as eczema, hives (urticaria) and contact dermatitis. 

Systemic allergic response is also called anaphylaxis. Depending of the rate of severity, it can cause cutaneous reactions, bronchoconstriction, edema, hypotension, coma and even death.

The mechanisms of different types of allergic reactions due to Gell and Coombs classification are the following.

Type 1 allergic reaction is a rapidly occurring allergic reaction. The examples of diseases which are developed with type 1 allergic reaction are: hay fever, including allergic asthma, conjunctivitis and allergic rhinitis, anaphylaxis, angioedema, urticaria (hives). This type of reaction also may be named reaginic type, because IgE have the second name – reagines and anaphylactic type.

Immunologic stage of anaphylactic reaction starts with the first contact of allergen with immune cells. This process results in B lympocytes transformation to plasmatic cells which begin to synthesize immunoglobulines. 
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Figure 5. Immunological stage of anaphylactic allergic reaction

Type 1 reactions in humans are mediated by IgE antibodies (also called reaginic antibodies), in other cases IgG can mediate anaphylactic reactions. 
This process requires the assistance of helper T cells and is under the regulatory influence of suppressor T cells. The IgE is strongly cytophylic for mast cells and basophils, which possess high-affinity receptors for the Fc portion of IgE. Mast cells are produced in the bone marrow and are found predominantly near blood vessels and nerves and in subepithelian sites. The granules in mast cells contain biologically active mediators. Linking of IgE receptors on their surface activates mast cells and basophils. Mast cells also may be activated by complement components C5a and C3A, macrophage-derived cytokines (IL-8), some drugs such as codein and morphin and physical stimuli (heat, cold, sunlight). If IgE is bound to the surface of mast cells an individual is primed to develop type 1 reaction. 

Biochemical stage of anaphylactic reactions. 

The next exposure to the same antigen results in fixing of the antigen to mast cell-bound IgE. This process leads to mast cell degranulation with the discharge of preformed or primary mediators (histamine, heparine, serotonine etc.) and synthesis of secondary mediators (prostaglandins, leukotrins and cytokines).One of the most important primary mediators is histamine. 
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Biochemical and pathophysiological stage of anaphylactic allergic reaction. 
Histamine is a biogenic amine involved in local immune responses as well as regulating physiological function in the gut and acting as a neurotransmitter. Most tissue histamine is found in granules in mast cells or basophils. Non-mast cell histamine is found in several tissues, including the brain, where it functions as a neurotransmitter.

Histamine exerts its actions by combining with specific cellular receptors located on cells. The three types of histamine receptors have been discovered: 

H1 histamine receptors are found on smooth muscle, endothelium, and central nervous system tissue. The activation of it causes vasodilation, bronchoconstriction, smooth muscle activation, and separation of endothelial cells (responsible for hives), and pain and itching due to insect stings; the primary receptors involved in allergic rhinitis symptoms and motion sickness. In stomach, it stimulates secretion of gastric acid. 

H2 histamine receptors are located on parietal cells, which primarily regulate gastric acid secretion 

H3 histamine receptor activation decrease neurotransmitter release: histamine, acetylcholine, norepinephrine, serotonin 

Another well known mediator of allergy is serotonin. It is known to cause increased vascular permeability, vasodilatation, increase tone of smooth muscle cells and increased secretion of mucus. 

Other primary mediators are chemotaxins for neutrophils and eosinophils, heparin, neutral proteases and inflammatory factor of anaphylaxis.

Secondary mediators include two classes of compound: lipid mediators and cytokines.  Lipid mediators are generated by sequential reactions in the mast cells membranes that lead to the activation of phospholipase A2 - an enzyme that causes  membrane phospholipids to yield arachidonic acid. Arachidonic acid is processed to prostaglandins and leukotrienes.  

Leukotrienes are vasoactive, spasmogenic, and hemotactic factors. Prostaglandins cause bronchospasm and increase mucus secretion. Another secondary mediator is the platelet-activating factor that causes platelet aggregation and release of histamine and bronchospasm. 

Mast cells can produce a variety of cytokines, including TNF-alpha, IL-1, IL-5 and IL-6.

A variety of chemotactic, vasoactive and spasmogenic compounds mediate clinical manifestation of type 1 reactions. Type 1 reaction may occur as a systemic disorder or as a local reaction. 

Systemic (parenteral) administration of protein antigen (such as antisera) and drugs (such as penicillin) results in systemic anaphylaxis. However, exposure by ingestion, inhalation, or skin contact can also cause anaphylaxis.

Anaphylaxis is a rapidly progressing allergic reaction. It may begin within minutes or even seconds of exposure, and rapidly progress to cause airway constriction, skin and intestinal irritation, and altered heart rhythms. In severe cases, it can result in complete airway obstruction, shock, and death.

Symptoms of systemic anaphylaxis may include: urticaria (hives), swelling and irritation of the tongue or mouth, difficulty in breathing up to short breath, vomiting, or diarrhea, anxiety or confusion, palpitations and loss of consciousness. The reasons of patient’s death in anaphylactic shock are the following:

· acute heart and vessels failure;

· asphyxia due to bronchial spasm and swelling of the larynx;

· thrombosis of brain and heart vessels.

Local reactions generally occur on the skin or mucosal surfaces when they are the sites of antigenic exposure. The susceptibility to localized type 1 reactions appears to be genetically controlled. Atopy is an inherited predisposition which causes a tendency to suffer from one or more of the following “atopic diseases”: allergic asthma, allergic rhino-conjunctivitis and atopic dermatitis.

Type 2 allergic reactions are also called antibody-dependent cytotoxicity. The following diseases occur in such way autoimmune haemolytic anaemia, pernicious anemia, immune thrombocytopenia, transfusion reactions, Hashimoto's thyroiditis. 

In immunological stage of type 2 allergic reactions the antigens of own cell of the human body are transformed to “non-self” antigen. The variety of chemicals or medicines can start this process. Self cell can transform to non-self cell by the following ways:

· chemicals can transform the structure of cell membrane;

· chemicals can damage cell membrane;

· chemical can bind to cell membrane.

In all this cases antigen structure of the cell surface will be changed and this cell becomes a target cell for immune system. Then IgG are formed against this target cells. When the amount of IgG reaches sufficient level biochemical stage begins. 

Three different antibody-dependent mechanisms of cell damage are known.

1. Complement-mediated cytotoxicity. Antibody (IgG) reacts with a cell surface antigen. IgG in its turn has receptor for complement system.  That leads to the fixation of complement on the target cell. Complement proteins are activated with a cascade reaction. Activated components of the complement destroy the membrane of target cell and cause its lysis. 
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Figure 7. Cytotoxic allergic reaction pathogenesis

2. The second mechanism is activation of phagocytosis by IgG antibodies.

Target cells coated with antibodies and complement become susceptible to phagocytosis. This phenomenon is known as opsonisation. Opsonization makes these cells prone to phagocytosis.

Blood cells are most commonly damaged by these two mechanisms. Clinically, it occurs in the following situations:

1.
Transfusion reactions, in which red cells from an incompatible donor are destroyed after being coated with antibodies normally present in the recipient. Such antibodies are directed against blood group antigens.

2.
Rhesus incompatibility, in which an Rh-negative mother is sensitized by RBC from an Rh-positive baby. Antibodies (IgG) against Rh factor are formed. The peculiar feature of IgG is their ability to cross placenta. While maternal Rh antibodies cross the placenta they cause the destruction of Rh- positive fetal RBC. 

3.
Some persons develop antibodies against their own blood elements. It results in autoimmune hemolytic anemia, agranulocytosis, thrombocytopenia. 

3. Antibody-dependent cell-mediated cytotoxicity. This is the third possible mechanism involved in type 2 reactions. 
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Figure 7. Antibody dependent cell-mediated cytotoxicity.

Many types of cell (macrophages, neutrophils, eosinophils, natural killers) that bear receptors for the Fc portion of IgG cause the lysis of target cells coated with IgG antibodies. The lysis of the target cell requires contact but does not involve the phagocytosis or the fixation of complement. Those cells destroy target cells with specific proteins perforins and granzymes (NK cells), neutrophils, eosinophils use the substances in their granules.

In some cases antibodies directed against the cell surface receptors deregulate the function without causing cell injury or inflammation. For example, antibody-mediated stimulation of the cell function is noted in autoimmune thyroiditis. In this disorder, antibodies against the thyroid-stimulating hormone (TRH) receptor on thyroid epithelial cells stimulate the cells, resulting in their hyperplasia and excessive secretion of thyroid hormones. 

At present this mechanism of antibody-mediated cellular stimulation is considered to be type 5 allergic reactions (stimulating reactions). 

Type 3 allergic reactions are mediated by antigen-antibody (immune) complexes that initiate an acute inflammatory reaction in tissues. The examples of diseases are: immune complex glomerulonephritis, rheumatoid arthritis, serum sickness, systemic lupus erythematosus and Arthus reaction.
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Figure 8. Pathogenesis of immune complex allergic reaction 
Immunologic stage lasts from allergen entering the body to the formation of immune complexes, which consist of antigen and immunoglobulines. The list of substances that can participate in immune complexes formation is very long and include medicines (penicilline, sulfonamides), antitoxic serum (antitetanus), gamma-globulines, food, bacterial and viral antigens and others. 

Only complement fixing antibodies IgG and IgM are involved in type 3 reactions. Activation of the complement and the accumulation of polymorphonuclear leukocytes are the important components of the immune-complex mediated tissue injury. Pathogenic immune-complexes may cause two types of immune-complex disease:

1.
Systemic immune-complex disease - immune-complexes are formed in circulating blood and then are deposited in tissues (serum sickness type).

2.
Local immune-complex disease - immune-complexes are formed at extravascular sites where antigen may have been planted (Arthus Reaction). 

The pathogenesis of the systemic immune-complex disease can be divided into three phases:

1.
formation of antigen-antibody complexes in circulation;

2.
deposition of the immune complexes in various tissues;

3.
inflammatory reaction in various sites of the body.

Serum sickness is caused by the administration of large amount of alien serum (horse antitetanus serum) used for passive immunisation. A week after serum injection antibodies against serum components are produced. They react with the antigen still present in circulation to form antigen-antibody complexes. Under normal conditions immune complexes are rapidly removed from the bloodstream by macrophages in the spleen and Kupffer cells in the liver. In some circumstances, however, immune complexes continue to circulate. It happens when:

1.
The amount of antigen must be large enough to form immune complexes;

2.
The size of the complexes must be intermediate or small. Large complexes are rapidly removed from circulation by monocytes;

3.
The dysfunction or overloading of phagocyte’s system. 

The favorite sites of the immune complex deposition are the kidneys, the  joints, skin, the heart, serosal surface and small vessels probably due to receptors to the components of the immune complexes on their surface. When complexes are deposited in tissues they initiate acute inflammatory reactions. Clinical features of serum disease appear during this phase (10-12 days after antigen administration). They are fever, urticaria, artralgias, lymph node enlargement and proteinuruia.
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Figure 9. Pathogenesis of serum sickness
The main mechanism of tissue injury is the fixation of the complement by the complexes and the release of its biologically active components, which increase vascular permeability and attract phagocytes (chemotactic factors). Phagocytosis of the immune complexes results in the release of lysosomal enzymes, which can damage basement membrane, collagen, elastin and cartilage. Free oxygen radicals produced by activated phagocytes may also mediate tissue damage. 

Immune complexes may be formed at body surfaces, notably in the lungs following repeated inhalation of antigenic material from moulds, plants or animals. This is exemplified in Farmer's lung and Pigeon fancier's lung, where there are circulating antibodies to the actinomycete fungi found in mouldy hay, or to pigeon antigens. Both diseases are forms of extrinsic allergic alveolitis and they only occur after repeated exposure to the antigen.

The Arthus reaction may be defined as a localized area of tissue necrosis resulting from acute immune complex vasculitis. The reaction can be produced experimentally by frequent injections of antigen into the fixed site of animal’s skin. Immune complexes are formed at the site of injection, especially within vessel walls, where the injected antigen is immediately bound to the circulating antibodies. The subsequent events are very similar to those described in the systemic pattern.
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Figure 10. Pathogenesis of local immune complex injury.

Immune complex disease is a frequent complication of autoimmune disease where the continued production of antibodies to a self-antigen leads to prolonged immune complex formation. The mononuclear phagocytes, erythrocytes, and complement systems (which are responsible for the removal of complexes) become overloaded and the complexes are deposited in body tissues, as it occurs in systemic lupus erythematosus.

Type 4 (cell-mediated) allergic reactions or delayed hypersensitivity reactions are mediated by T-cells. The classical example of a delayed hypersensitivity reaction is a positive Mantoux reaction (tuberculin test) in an individual already sensitized to the tubercule bacille. In the site of intracutaneous tuberculine injection a local area of erythema and induration appears. 

Primary antigen administration causes sensitized T-cells production in lymph nodes. Secondary antigen administration results in sensitized T-cells bounding with an antigen. This complex initiates lymphocyte’s cytokines synthesis. The main effects of them are:

1. Regulation of immune response and organization of inflammation in the place where antigen is found out (by attraction of phagocytes).

2. Destruction of foreign cells (by perforation of its membranes, induction of apoptosis).

In the site where antigen is implanted foreign cells are destructed and digested by phagocytes. The accumulated macrophages often undergo morphological transformation into epithelial-like cells. The aggregation of these cells surrounded by lymphocytes is referred to as a granuloma. Such granulomatous inflammation is a typical feature of cell-mediated allergic reactions.
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Figure 11. Pathogenesis of cell-mediated allergic reaction,

Mechanisms of tissue injury in type 4 allergic reactions are:

1. Direct cytotoxic action of T-cells on foreign cells (target cells);

2. Lymphokine-mediated cytotoxic action of T-cells;

3. Phagocytosis of target cells and damage of own cells with lysosomal enzymes;

4. Granulomatous inflammation development, which is accompanied by macrophages and lymphocytes aggregation.

The list of diseases which pathogenesis develops on the basis of cell-mediated allergic reactions include: contact dermatitis (poison ivy rash, for example), leprosy, tuberculosis, transplant rejection.

Pseudoallergic reactions.

Among the general public, the distinction is rarely made between allergies and pseudoallergies. Pseudoallergies have symptoms very similar to "true" allergies. But pseudoallergies are not developed with the immune system. Unlike "true" allergies, pseudoallergies do not have a sensitization phase. Symptoms occur even at the first exposure to an antigen. True allergy symptoms don’t depend on the dose of the allergen. The symptoms of pseudoallergy directly depend on the dose of the substance – the more is the dose – the most expressed clinical manifestation is observed.

Pseudoallergy can be realized through the following mechanisms:

1. Action of histamine – liberating substances. They are roentgen-contrast medicines, some sorts of cheese and red wine, cocoa products, tomatoes, fish (tuna and sardines). These substances act directly on mast cells and increase their release of histamine with the development of clinical symptoms;

2. The alternative pathway of complement activation (without action of specific IgG and M antibodies). Some preservatives that are added to food products can cause activation of the complement by the alternative pathway. Activated components of the complement produce tissue injury with the subsequent clinical signs;

3. Disturbances of arachidonic acid metabolism. These disturbances result in aspirin asthma development. This disease is characterized by the development of asthma attacks after the intake of non-steroid anti-inflammatory drugs such as aspirin, ibuprofen and others. 

Although the immune system has an elaborate system of checks and balances to ensure self tolerance, occasionally this system breaks down. When the immune system attacks self cells components causing pathological change, this is called autoimmunity. Autoimmune diseases form a spectrum ranging from organ-specific conditions in which one organ only is affected to systemic diseases in which the pathology is diffused throughout the body. 

Autoimmune diseases are mediated with antibodies or sensitized lymphocytes to tissue antigens of the own organism. In normal organism immune response against own antigens is absent, because self-tolerance exists. Self-tolerance is developed during embryonic ontogenesis period. The mechanisms of self reactivity prevention are:

1. Selection and deletion of self-reactive T-cells and B-cells and their clones in the thymus during their maturation.

2. Peripheral suppression by T suppressor cells, which lasts all the life time.

Normally, the development of autoantibodies and the activation of autologic lymphocytes do not occur. During the period of embryogenesis all clones immune cells which reacted with antigenes of own tissues are eliminated or supressed. Therefore in postembriogenesis the answers to the own antigenes are absent.

MECHANISMS OF AUTOIMMUNE DISEASE

Autoimmune diseases can occur either in individuals with normal immune system, or with primary damage of immune system. In the first case it is the response of immune system to “unknown” antigens. It can take place in the following situations:

1.
Damage of physiological barriers which exists over nervous system, a crystalline lens, colloid of a thyroid gland and other tissues. Normally there is no self-tolerance to these tissues, because immune system has no contact with them while self –tolerance is being formed. It is especially important in the case of autoimmune damage of pair organs since one of them is damaged (usually after trauma). The example is sympathetic ophtalmia – autoimmune inflammation of a healthy eye after the development of inflammatory process in an injured eye.
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Figure 12. Mechanisms of autoimmunity
2.
Normally organism cells (except immune cells) do not express MHC 2 class molecules. In the case when cells begin to express the named molecules, they become a target for the immune system. For example, diabetes and autoimmune hepatitis may be caused by this mechanism.

3.
Altering of self-antigens, for example after burn denaturation, influence of medical products.

4.
When bacterial antigens have antigen structure that is similar to that of self-antigens. Such similarity of antigens is established in the streptococcus and myocardial and kidneys tissue components. This fact explains the development of heart and kidneys affection after acute streptococcal infection.

5.
In other cases autoimmune processes can arise in individuals with primary changes of immune system.

There are three general mechanisms of autoimmune pathology: 

•
Direct antibody mediated effects; 

•
T cell mediated effects;

•
Immune complex mediated effects.

Autoimmune diseases often has hereditary predisposition. The clinical manifestation of autoimmune diseases is characterized by chronic current with the tendency to the disease progress.

Specific immunotherapy or hyposensitization

Hyposensitization is a form of immunotherapy when the patient is gradually vaccinated against progressively larger doses of the allergen in question. This can either reduce the severity of allergic process or eliminate hypersensitivity altogether. It relies on the progressive production of IgG ("the blocking antibody"), as opposed to the excessive IgE production seen in hypersensitivity type I cases.

When IgG circulate in the blood plasma and tissue fluids in large amounts, they bind to allergens and reduce the ability of IgE to detect the presence of the allergens. Thus, the inflammation, mucus hypersecretion, and tissue alterations that take place in untreated allergic disease decrease with immunotherapy. The relative increase of the IgG to IgE ratio leads to better tolerance to the allergen. By giving small but increasing amounts of allergen at regular intervals, tolerance increases. The end result is that the person becomes "immune" to the allergens, so that they can tolerate them with fewer or no symptoms. This process is also known as specific immunotherapy, because one is trying to turn off one or more specific allergic responses. The higher the dose tolerated without significant side-effects, the more likely is treatment successful.

Hyposensitization is effective in most people with hay fever and often helps those with asthma. Immunotherapy is also an essential part of managing people with dangerous allergic reactions (anaphylaxis) to bee and wasp stings. Medicines may help you to live with allergies but will not cure these problems. Furthermore, it is not always possible to avoid allergic triggers, such as grass pollens. The only way to prevent type anaphylactic allergic reactions is hyposensitization.

allergy DIAGNOSIS 

If a patient wants to know what allergens are affecting him – allergy testing have to be performed. Furthermore, testing is necessary if the patient wishes to start immunotherapy. 

The skin prick or scratch test is the most common and reliable test for most allergies. A small needle or plastic device is used to lightly prick or scratch your back or forearm with a tiny amount of allergen. After 15-20 minutes, you will be able to interpret the results by examining each spot where allergens were scratched or pricked into your skin. The spots where you are allergic will become red and swollen, and the others will remain normal.

The intradermal test is done when the skin prick or scratch test results are unclear. It is similar to the prick or scratch test, but involves injecting a small amount of allergen under the skin using a needle.

Reactions to skin testing should clear up quickly. Because skin testing involves the injection of allergens under the skin, there is a small risk of anaphylaxis. For this reason, allergy skin testing should only be performed in a medical setting, with access to emergency treatment.

The blood test measures the levels of reaginic antibody, IgE, produced when patients blood is mixed with a series of allergens in a laboratory. If a patient is allergic to a substance, the IgE levels may increase in the blood sample. 

To confirm a food or drug allergy after a skin or blood test result is positive, a challenge test may be performed. For the challenge test, the patient swallows a very small amount of the suspected allergen (e.g., milk or antibiotic). If there is no reaction, the dose gradually rises until a reaction is noted. Due to the risk of a severe allergic reaction like anaphylaxis, challenge tests are done in a clinical setting and are only performed when absolutely necessary.

questions for self control
1. Define allergy. Classify the allergic reactions due to Gell and Coombs.
2. Describe the common mechanisms and stages of allergic reactions.

3. Describe specific features of pathogenesis and clinical manifestation of:


- ahaphylactic allergic reaction;

- cytotoxic allergic reaction;

- immune complex allergic reaction;

- cell-mediated allergic reaction.

4. Explain the difference in pathogenesis of allergic and pseudoalergic reactions.

5. Describe the mechanisms of autoimmune reactions.

6. Name principles of allergy diagnosis. 

situational problems

Task 1.

Patient was injected with Novocaine solution in order to provide local anesthesia during tooth extraction. In 1 minute after injection the patient turned pale and unconscious. ABP – 90/60 mmHg, heat rate – 128 bpm.

1. What has happened to the patient? Define the disease.

2. Which type of allergic reaction can be the reason of the patient’s state?

3. Describe the pathogenesis of the described clinical signs.

Task 2
A 32-year-old man presents in the allergy clinic with complaints of allergic rhinitis or hay fever. His major complaints are those of nasal pruritus (itching), nasal congestion with profuse watery drainage, sneezing, and eye irritation. The physical examination reveals edematous and inflamed nasal mucosa and redness of the ocular conjunctiva. He relates that this happens every autumn during “ragweed season.”

1. Explain the immunologic mechanisms that are responsible for this man’s symptoms.

2. What type of diagnostic tests might be used?

Task 3.

Patient complains of the skin rashes, which appear after cooling the skin (cold water or cold air exposure). After returning from the street in the winter the opened areas of the skin turn red (hyperemia) and itches appear.

1. Is it an allergic reaction, or no? Prove your answer.

2. Explain the pathogenesis of the described clinical signs.

Task 4

A patient 22 years old is ill with diphtheria. Skin rashes, itching, pain in the joints and high fever (up to 39 0 C) appeared in the patient in 9 days after the injection of diphtheria antitoxin serum. The level of complement in the blood serum is decreased.

1. Define the pathology which is observed after diphtheria antitoxin serum injection.

2. Is low blood complement level typical for this disease? Why?

3. Which substances provide the development of the described clinical signs?

Task 5
A nurse complains of the rashes on the skin of the hands. Her usual work is to do injection of antibiotics and other medicines to the patients. The symptoms of the skin irritation usually disappear during summer vacations. In 7-10 days after working with the solutions of medicines the symptoms of rashes appear again.

1. Is it an allergic reaction, or no? Prove your answer. If yes, define the type of allergic reaction.

2. Explain the pathogenesis of the described clinical signs.

3. Which substances provide the development of the described clinical signs?

tests for self control

1. Which is the common name for allergic reactions that have hereditary predisposition and are observed in the whole families?

a. reaginic

b. anaphylactic

c. cytotoxic

d. stimulating

e. atopic

2. Which stage of allergic reactions includes synthesis of specific antibodies by plasmatic cells?

a. hidden

b. immunologic

c. biochemical

d. stage of clinical manifestation

e. outcome

3. Which stage of allergic reactions are allergy mediators synthesized at?

a. hidden

b. immunologic

c. sensitization

d. biochemical

e. stage of clinical manifestation

4. Which class of immunoglobulins is called “reaginic antibodies”?

a. IgA

b. IgD

c. IgG

d. IgE

e. IgM

5. Which class of immunoglobulins takes part in development of 1 type allergic reactions?

a. IgA and IgG

b. IgE

c. IgG and M

d. IgE and IgG

e. IgM and IgA

6. Which type of immunoglobulins take part in development of 3 type allergic reactions?

a. IgA and IgG

b. IgG and M

c. IgE

d. IgE and IgG

e. IgM and IgA

7. The patient C developed anaphylactic shock after injection of antitetanus serum. Which cells produce the mediators during the classic variant of anaphylaxis?

a. T-lymphocytes

b. neutrophils

c. mast cells

d. B-lymphocytes

e. Eosinophils

8. The patient R. suffers bronchial asthma. The attacks rise in the period of ragweed blossoming. Point out the biologically active substances that play the main pathogenic role in development of atopic allergic reaction. 

a. complement

b. properdin

c. interleukine

d. histamine

e. interferon

9. The patient A. developed the signs of anaphylactic shock after a wasp sting. The complex antigene - antibody fixates during development of 1st type of allergic reaction…:

a. in the plasma of blood

b. on the surface of macrophages

c. on the membrane of T-lymphocytes that carry receptor IgE (FcE)

d. on the membrane of mast cells

e. on the membrane of B-lymphocyte

10. The patient R. was diagnosed an autoimmune hemolytic anemia. The complex antigen - antibody fixates during development of 2nd  type of allergic reaction…:

a. on the mast cells membrane 

b. on the B-lymphocytes membrane 

c. on the surface of macrophages

d. on the surface of target cells

e. in the blood plasma 

11. The patient B. passed a tuberculin skin test (Mantoux reaction). In 24 hours the red spot formed in the place of injection (d=2 cm). The complex antigene - antibody fixates during development of 4th  type of allergic reaction…:

a. in the blood plasma 

b. on the mast cells membrane 

c. on the surface of macrophages

d. on the membrane of B-lymphocyte

e. it doesn’t form

12. The same mechanisms of immune system are used by the organism to develop immune and allergic reactions. Which is the main difference of allergic reactions from immune reactions?

a. amount of antigen

b. peculiarities of antigen structure

c. ways of entering the organism by antigen

d. development of tissue damage

e. hereditary predisposition

13. The formation of blood circulating immune complexes (antigen – antibody) is typical for allergic reactions of type:

a. 1st type

b. 2nd type

c. 4th type

d. 5th type

e. 3rd type

14. In response to antigen stimulation, the immune system is able to produce several; types of immunoglobulins: IgA, IgM, IgG, IgE. Which is a distinguishing feature of IgE?

a. circulation in the blood

b. ability to activate the complement

c. fixation on the receptors of mast cells

d. fixation on T-killers

e. ability for binding antigen

15. The patient was given a conduction anesthesia with Novocain before extraction of tooth. After injection edema and hyperemia around the shot region, itch of skin, general weakness, low arterial pressure developed. Define the complication described.

a. idiosyncrasy

b. fever

c. drug dependence

d. allergy

e. inflammation

16. Immune complex reactions in the organism proceed with participation of IgM and IgG. Which is the most typical peculiarity of IgM and IgG? 

a. fixation on the receptors of mast cells

b. fixation on tissue macrophages

c. fixation on T-killers

d. ability to interact with antigens

e. ability to activate the complement

17. Which disease is developing with the 2nd type of allergic reactions?

a. atopic bronchial asthma

b. contact dermatitis

c. pseudoallergic reactions

d. autoimmune hemolytic anemia

e. jaundice of the newborns

18. It’s been established that allergic reactions of 2nd type play the main role in erythrocytes hemolysis in the patient with hemolytic anemia. Which mediators cause cytotoxic effect in this type of allergy?

a. histamine

b. lymphokines

c. factor of lymphocytes blast transformation

d. serotonin

e. activated components of the complement

19. Allergic reactions of 3rd type are typical for pathogenesis of:

a. atopic bronchial asthma

b. glomerulonephritis

c. contact dermatitis

d. anaphylactic shock

e. tuberculin reaction

20. In which condition of relations between reactivity and resistance we can say: reactivity is increased and resistance is decreased?

a. immunity

b. immunological tolerance

c. immune deficit

d. allergy

e. immunological memory

21. Type 5 allergic reactions are known as “stimulating reactions”. Choose the example of disease provided with stimulating allergic reactions

a. hay fever

b. Arthus reaction 

c. Quincke’s disease 

d. autoimmune thyroiditis

e. autoimmune hemolytic anemia

22. Which immune cells contribute to tissue injury in immunocomplex allergic reactions (type 3 allergic reactions)?

a. B –cell

b. plasmatic cells

c. T-cells

d. mast cells

e. phagocytes

23. Exposure to extremes of temperature (hot and cold) and ionizing radiation in some cases may result in pseudoallergy development. Which is the distinctive feature of pseudo-allergy?

a. absence of immunological stage

b. absence of biochemical stage

c. presence in patients with immune deficiency

d. dependence from the type of allergen

e. independence from the dose of allergen 

24. It is known that many cases of “food allergy” are not real allergy, but pseudoallergy. Which is the distinctive feature of pseudo-allergy?

a. absence of biochemical stage

b. absence of clinical manifestation

c. presence in patients with immune deficiency

d. dependence from the type of allergen

e. dependence from the dose of allergen 

25. Which mechanisms are considered to be general mechanisms of autoimmune pathology?

a. direct antibody mediated effects 

b. T cell mediated effects 

c. immune complex mediated effects

d. all of listed

e. none of listed

26. Development of sympathetic ophtalmia (inflammation of a healthy eye after the development of inflammatory process in an injured eye) is considered to be an autoimmune disorder. Which mechanism from listed below initiates autoimmune process?

a. over expression of  MHC 2 class molecules

b. altering of self-antigens 

c. similarity of antigens 

d. damage of physiological isolation 

e. primary changes of immune system.

27. Prevention of which type allergic reactions can be provided with the hyposensitization ( specific immunotherapy)?

a. 1st type

b. 2nd type

c. 3rd type

d. 4th type

e. 5th type

28. Patient was injected with Novocaine solution in order to provide local anesthesia during tooth extraction. In 1 minute after injection the patient turned pale and unconscious. ABP – 90/60 mmHg, heat rate – 128 bpm. Name the condition that has developed in the patient:

a. Acute heart failure

b. Orthostatic collapse

c. Anaphylactic shock

d. Bronchial asthma attack

e. A. pulmonalis embolism

29. Allergic reactions are characterized by increased sensitivity to various substances. Which substance amount can prove the presence of hyperreactivity state in the patient?

a. histamine

b. IgE

c. IgA

d. prostoglandins

e. complement

30. Patient complains of the skin rashes, which appear after cooling the skin (cold water or cold air exposure). After returning from the street in the winter the opened areas of the skin turn red (hyperemia) and itches appear. Which substance from the listed can cause such clinical symptoms?

a. histamine

b. IgE

c. IgM and IgG

d. prostoglandins

e. complement

31. A nurse complains of the rashes on the skin of the hands. Her usual work is to do injection of antibiotics and other medicines to the patients. The symptoms of skin irritation usually disappear after summer vacations. In 7-10 days after working with the solutions of medicines the symptoms of rashes appear again. Which type of allergic reaction is possibly causing her allergic disease? 

a. 1st type

b. 2nd type

c. 3rd type

d. 4th type

e. 5th type

32. In the patient autoimmune hemolytic anemia is diagnosed; the pathogenetic mechanism of which is cytotoxic type of allergic reaction. To which antigens antibodies are synthesized in this clinical situation? 

a. modified receptor of RBC membranes 

b. mast cell receptors

c. hormones 

d. foreign proteins

e. foreign cells

33. Leukopenia followed the treatment with pyramidon. Antileukocytic antibodies were found in patient’s blood. What type of allergic reaction takes place in this situation?

a. anaphylactic

b. cytotoxic

c. stimulating

d. cell-mediated

e. immunocomplex

34. An injection of a large dose of antibodies to the basal membrane of glomeruli of the expewrimental animal kidney led to the development of acute glomerulonephritis. What type of allergic reaction takes place in this situation?

a. anaphylactic

b. cytotoxic

c. stimulating

d. cell-mediated

e. immunocomplex
Correct answers for the tests

	1. 
	E
	10. 
	D
	19. 
	B
	28. 
	C

	2. 
	B
	11. 
	A
	20. 
	D
	29. 
	E

	3. 
	D
	12. 
	D
	21. 
	D
	30. 
	A

	4. 
	D
	13. 
	E
	22. 
	E
	31. 
	D

	5. 
	D
	14. 
	C
	23. 
	A
	32. 
	A

	6. 
	B
	15. 
	D
	24. 
	E
	33. 
	B

	7. 
	C
	16. 
	E
	25. 
	D
	34. 
	E

	8. 
	D
	17. 
	D
	26. 
	D
	
	

	9. 
	D
	18. 
	E
	27. 
	A
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